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Improvements in and re lating to Pit Well Perforators 

The present invention relates to a reactive shaped charge liner for a perforator 
for use in perforating and fracturing well completions. 

By far the most significant process in carrying out a completion in a cased well 
is thaLcf providing_a. flow path between the procfucSlen zooe^aiso. .known as a 
formation, and the well bore. Typically, the provision of such a flow path is 
carried out by using a perforator, initially creating an aperture in the casing and 
then penetrating into the formation via a cementing layer, this process is 
commoniy referred to as a perforation. Although mechanical perforating 
devices are known, almost overwhelmingly such perforations are formed using 
energetic materials,- due to their ease and speed of use. Energetic materials 
can also confer additional benefits in that they may provide stimulation to the 
well in the sense that the Shockwave passing into the formation can enhance 
the effectiveness of the perforation and produce an increased flow from the 
formation. Typically, such a perforator will take the form of a shaped charge. 
In the following, any reference to a perforator, unless otherwise qualified, 
should be taken to mean a shaped charge perforator. 



A shaped charge is an energetic device made up of a housing within which is 
placed a typically metallic liner. The liner provides one internal surface of a 
void, the remaining surfaces being provided by the housing. The void is filled 
with an energetic material which, when detonated, causes the liner material to 
collapse and be ejected from the casing in the form of a high velocity jet of 

- material, This Jet impacts upon the well casing creating an aperture, the jet 
then continues to penetrate into the formation itself, until the kinetic energy Df 
the jet is overcome by the material in the formation. The liner may be 
hemispherical but in most perforators is generally conical. The liner and 
energetic material are usually encased in a metallic housing, conventionally 
the housing will be steel although other alleys may be preferred. In use, as 
has been, mentioned the liner is ejected to form a very high velocity jet which 

has great penetrative- power-r- 
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Generally, a large number of perforations are required in a particular region of 
the casing proximate to the formation. To this end, a so called gun is deployed 
into the casing by wireline, colled tubing or Indeed any other technique known 
. to those skilled in the art. The gun is effectively a carrier for a plurality of 
perforators which-may be-of-the same or differing outpuUJthe precise type of 
perforator, their, number and the size of the gun are a matter generally decided 
"upon by a completion engineer based on an analysis and/or assessment of the 
characteristics of the completion. Generally, the aim of the completion 
engineer: isJio.obtain the. largest-possible aperture-ln-the-casing together with— 
the deepest possible penetration into the surrounding formation. It will be 
appreciated that the nature of a formation may vary both from completion to 
completion and also within the extent of a particular completion. 

Typically, the actual selection of the perforator charges, their number and 
arrangement within a gun and indeed the type of gun is decided upon by the 
completion engineer, who will base his decision on an empirical approach born 
of experience and knowledge of the particular formation in which the 
completion is-taking-place^-However, to-a$sist the-engineer in his selection 
there have been developed a range of tests and procedures, for the 
characterisation of an -individual perforator's performance. These tests and 
procedures have been developed by the industry via the American Petroleum 
Institute (API), in this regard, the API standard RP 19B (formerly RP 43 5* 
Edition) currently available for download from www.aoi.ora is used widefy by 
the perforator community as indication of perforator performance. 
Manufacturers of perforators typically utilise this API standard marketing their 
products. The completion engineer is therefore able to select between 
products of different manufacturers for a perforator having the performance he 
believes is' required for the particular formation. In making his selection, the 
engineer can be confident of the type of performance that he might expect 
from the selected perforator. 
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Nevertheless, despite the existence of these tests and procedures there is a 
recognition that, completion engineering remains at heart more of an art than a 
science. It has been recognised by the inventors in respect df the invention 
set out herein, that the conservative- nature of the current approach to 
completion has failed to bring about the change in the approach to completion 
engineering required, to— enhance and— increase— production— from both 
straightforward and complex completions. 

There are a large number of widely known shaped change designs, however 
many of the designs are merely incremental changes to the pressed density of 
the explosive or the cone angle of .the liner. The largest area of development, 
work has mainly concentrated on improving the penetration by the choice of 
metal finer, its shape, the casing, the type of high explosive and the formation 
of plane waves from the detonation of the high explosive. The kinetic energy of 
the jet from a shaped charge is provided exclusively by the detonative force of 
the explosive which forces the collapse of the liner, leading, in turn, to the liner 
material being ejected at a high velocity. Once the jet is in motion there is no 
further energy available from the system. ' 



There are shaped charge liners which are produced from depleted uranium 
(dU); however their use is deemed controversial by the media even within a 
military context. The advantage of dli is that upon penetration the jet becomes 
pyrophoric, such that it ignites, thus imparting additional energy and causing 
additional damage to a military target This additional energy would be 
extremely useful in the oil 'and gas industry, but the use of a radioactive 
substance in a commercial application such as an oil and gas perforation * 
would not be considered due to the already stringent hazard and risk 
assessments, particularly the impractical nature of handling radioactive 
material,, and finally the problem of removing traces of radioactive material 
from the recovered hydrocarbons. 
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Therefore it would be desirable to produce a shaped charge liner whose jet 
can provide additional energy after the detonative event, without the 
requirement of using a radioactive constituent 

Thus, in accordance with a first aspect of the invention, there is provided a 
reactive shaped cnarge liner, Wherein IHe-lineriSbmprises- a composition 
capable of an exothermic reaction upon activation of the shaped charge liner. 
In order to achieve this exothermic output the liner composition preferably 
comprises at least two components which when supplied with sufficient 
• -*wey. i;*. an amount of energy in excess of the acfiyatipn energy of_Jfoe_ 
exothermic reaction, will react to produce a large amount of energy, typically in 
the form of heat The exothermic reaction of the liner can be achieved by using 
a typically stoichiometric (molar) mixture of at least two metals which are 
capable upon activation of the shaped charge liner to produce an intermetallic 
product and heat Typically the reaction will involve only two metals, however 
intermetallic reactions involving more than two metals are known. Alternatively; 
the liner composition may comprise at least one metal and at least one non- 
metal, where the non-metal may be selected from a metal oxide, such as 
' copper oxide, molybdenumoxide or nickel' oxide or^r^"/^^ltal'?rom Group 
111 or Group* IV, such as silicon, boron or carbon. Pyrotechnic formulations 
involving the combustion of reaction mixtures of fuels and oxidisers are weil 
known. However a large number of such compositions, such as gunpowder for 
example, would not provide a suitable linBr material, as they would not 
possess the required density or mechanical strength. 

Below is a non-exhaustive list of elements that when combined and subjected 
to a stimulus such as heat or an electrical spark produce an exothermlo 
reaction and which may be selected for use in a reactive liner. 
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AJ and one of Li or S or Ta or Zr 
B and one of Li or Nb.or.TI 
Ce and one of Zn or Mg or Pb 
CuandS 
Fe and S 

Me and one of S or Se or Te 

Mn and either S or Se 

Ni and one of-At-orSor Se^or SI 

NbandB ■' • 

Mo and S 

PdandAI 

Ta and one of B or C or SI 
Ti and one of Ai or C or Si 
Zn and one of S or Se or Te 
Zr and either of B or C 



There are a number of compositions which contain only metallic elements and 
also compositions which contain metallic and non metallic elements, that when 
mixed and heated beyond the activation energy of the reaction, will produce a 
large amount of thermal energy as shown above and further wilt also provide a 
finer material of sufficient mechanical strength. Therefore the composition may 
comprise a metal selected from AI, Ce, Li t Mg, Mo, Ni, Nb, Pb, Pd, Ta, TI, Zh 
or Zr, which are known to produce an exothermic event when mixed with other 
metals or nan-metals, the combinations of which would be readily appreciated 
by those skilled in the art of energetic fonrttilations. The preferred metal-metal 
compositions are nickel and aluminium or palladium and aluminium, mixed in 
stoichiometric quantities. It will be readily appreciated by those skilled in the art 
that ratios other than a stoichiometric ratio may also afford an exothermic 
reaction and as such the invention is not limited to stoichiometric mixtures. 



The liner may be formed by cold rolling sheets of the separate materials to 
form the composition which can then be machined on a (athe^ pressing the 
composition to form a green compact or by sintering the composition, it will be 
obvious that any mechanical or thermal energy imparted to the reactive 
material during ther'formatiori of the liner must be taken into consideration so 
as to avoid an unwanted exothermic reaction. In the case of pressing to form a 
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green compacted liner a binder may be required, which can be any powdered 
metal or non-metal material. Preferably the binder comprises a polymeric 
material, such as a siearate, wax or epoxy resin, Alternatively the binder may 
be selected from-an energetic binder -such as-P$|yg|yn-(Glyeidyi nitrate 
polymer), GAP {Glyddyl azide polymer) or Polynimmo (3-nitratomethy!-3- 
methyloxefene polymer). Conveniently, at least one of the metals which is to 
form part of the composition may be coated with one of the aforementioned 
binder materials. Typically the binder, whether it is being used to pre-ooat a 
metal or is mixed directly into the composition containing a metal, may be 
present in the rangeof from 1 % to 5% by mass. 

When, a particulate composition is to be used, the diameter of the particles, 
also referred to as 'grain size', play an important role in the consolidation of the 
material and therefore effects the pressed. density of the liner. It is desirable 
for. the density of the liner to be as high as possible in order to produce a more 
effective hole forming ]et. It is desirable that the diameter of the particles is less 
than 10ym, more" preferably the: particles-are 1 nmnor lessrhT diameter, and 
even more preferably, nano scale particles are used, such as particles which 
are 0.1 urn or less In diameter. Materials referred to herein with particulate 
sizes less than 0. 1 jim are referred to as 'nano-crystalfine materials". 

Advantageously, if the particle diameter size of the metal or metals such as 
nickel and aluminium or palladium and aluminium in the composition of a 

reactive liner is less than 10 microns, and even more preferably less than 1 
micron, the reactivity and hence the rate of exothermic reaction of the liner will 
be significantly increased, due to the large increase in surface area. Therefore, 
a composition formed from readily available materials, such as those disclosed 
earlier, may provide a liner which possesses not only the kinetic energy of the 
cutting jet, as supplied by the explosive, but also the additional thermal energy 
from the exothermic chemical reaction oMhe compositionT thus' providing an 
safer alternative to dU. 
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At particle diameter sizes of less than 0.1 microns the compositions become 
Increasingly attractive as a shaped charge liner material due to their even 
further enhanced exothermic output on account of the extremely high relative 
surface area of the reactive compositions. 

The liner thickness may be selected from any known or commonly used wall 
liner thickness. The liner wait thickness is commonly expressed in relation to 
the diameter of the base of the liner and is preferably selected in the range of 
from 1 to 10% of the finer diameter, more preferably in the range of from 1 to 
5% of the iiner diameter. In one arrangement the liner may possess walls of 
tapered thickness, such that the thickness at the liner apex is reduced 
compared to Jhe_tnicknes5_at the base ofJhe linec-OLaltematively-ihe taper 
may be selected such that the apex of the : iiner is substantially thicker than the 
walls of the liner towards its base. A yet further alternative is where the 
thickness of the liner is not uniform across its surface area, such as to produce 
a non uniform taper or a plurality of protrusions and substantially void regions, 
to provide regions of variable thickness, which may extend fully or partially 
across the surface area of the liner, allowing the velocity and cutting efficiency 
of the jets to be selected to meet the conditions of the completion at hand. 

The shape of the finer may be selected from any known or commonly used 
shaped charge liner shape, such as substantially conical or hemispherical. 

In an" alternative arrangement it may be desirable that the liner further 
comprises at least-one further metal, where-the at least one4urther-metal does 
not participate in the exothermic reaction when the shaped charge is activated. 
Consequently the additional metal is considered to be inert and may be 
selected from any commonly used or known shaped charge liner metal. The 
purpose of adding a further metal is to provide additional mechanical strength 
to the liner and thus to increase the penetrative power of the jet The 
properties of tungsten gnd copper as shaped charge liners are well known and 
they are typically used as liner materials due to their high density and ductility. 
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which traditionally make them desirable materials for this purpose. Therefore; it 
may further be desirable to incorporate a portion of either copper or tungsten 
or an alloy thereof, into the reactive finer of the invention in order to provide a 
reactive liner of increased strength and hence a more powerful jet The inert 
metal may either be mixed and uniformly dispersed within the reactive 
composition or the liner may be produced such that there are 2 layers, wjth a 
layer of inert metal covered by a layer of the reactive liner composition, which 
could then be pressed by one of the aforementioned pressing techniques. 

....iffiGR** &!*ti^J!XX^ 

via a plasma arc reactor as described in PGT/GB0i7b0553 and WO93/02787, \ 

in another aspect, the invention comprises a shaped charge suitable for down 
hole use, comprising a housing, a quantity of high, explosive and a liner as 
described hereinbefore, located within the housing, the high explosive being 
positioned between the liner and the housing. 

• '■ • i 

in usse the reactive liner imparts additional thermal energy from the exothermic 
reaction, which may help to further distress and fracture the completion. A yet j 
further benefit is that the material of the reactive liner may be consumed such I 
that there is no slug of liner material left in the hole that has just been formed, : 
which can be the ease with some liners. 

Preferably the housing is made from steel although the housing~could be 

formed partially or wholly from one of the reactive liner compositions by one of 

the aforementioned pressing techniques, such that upon detonation the case j 

may be consumed by the reaction to reduce the likelihood of the formation of ! 

fragments. 

The high explosive may be selected from a range of high explosive products 
such as RDX, TNT, RDX/TNT, KMX, HMX/RDX, TATB, HNS. It will be readily 
appreciated that any suitable energetic material classified as a high explosive 
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may be used in the invention. Some explosive types ere however preferred for 
oil well perforators, because of the elevated temperatures experienced in the 
well bora. 

The diameter of the liner at the widest point, that being the open end, can 
either be substantially the same diameter as the housing, such that it would be 
considered as a full calibre liner or alternatively the liner may be selected to be 
sub-calibre, such that the diameter of the liner is in the range of from 80% to 
95% of the f ull diame ter. In a typical con ical sh ap ed charge w ith a full calibre 
liner the explosive loading between the base of the liner and the housing is 
very smali, such that in use the base of the cone will experience only a 
minimum amount of loading. Therefore in a sub calibre liner a greater mass of 
high explosive can be placed between the base of the liner and the housing to 
ensure that a greater proportion of the base liner is converted into the cutting 
jet- ; 

The depth of penetration into the completion is a critical factor in completion 
engineering, and thus it is usually desirable to fire the perforators 
perpendicular to the casing to achieve the maximum penetration, and as 
highlighted in the prior art typically also perpendicular to each other to achieve 
the maximum depth per shot Alternatively in applicant's co-pending 
application it is desirable tojocate and align at leas t two of the perforators such 
that the cutting jets will converge, intersect or collide at some point 

The perforators as hereinbefore described may be inserted directly into , any 
subterranean wail, however it is usually desirable to incorporate the perforators 
into a gun, in order to allow a plurality of perforators to be deployed into the 
completion. 

In order to assist in understanding the invention, a number of embodiments 
.thereof wifl now be described, by way of example and with reference to the 
accompanying drawing, in which: 
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Figure 1 is a cross-sectional view along a longitudinal axis of a shaped charge 
device in accordance with an embodiment of the invention containing a partial 
apicai insert 

As shown in Figure 1 a cross section view of a shaped charge, typically axi- 
symmetric about centre line 1, of generally conventional configuration 
comprises a substa ntially cylindrical housin g 2 produced from a metal, 
polymeric, GRP or reactive material according to the invention. The liner 6 

according to the invention, has a wall .thickness of typically say 1 to 5% of the 
d|amete^but may be as > much as 10% in .extreme cases .JTha liner 6 fits.. 

eloseiy in the open end 8 of the cylindrical housing 2. High explosive material 
' 3 is located within the volume enclosed between the housing and the liner. The 

high explosive material 3 is initiated at the closed end of the device, proximate 

to the apex 7 of the liner, typically by a detonator or detonation transfer cord 

which is located in recess 4. 

A suitable starting material for the liner may comprise a stoichiometric mixture 
of rtano-crystalfine powdered nickel and aluminium with a 1 to 5 % by weight of 
nano-crystalline powdered binder material. The binder material comprises 
polymeric materials.. including energetic bind ers as des cribed before! The 
nano-crystalline powder composition material can be obtained via any of the 
above mentioned processes. 

One method of manufacture of liners is by pressing a measure>of intimately 
mixed and blended powders in a die set to produce the finished liner as a 
green compact in other drcumstanoes according to this patent, different, . 
intimately mixed powders may be employed in exactly the same way as 
described above, but the green compacted product is a near net shape 
allowing some form of sintering or infiltration process to take place. 

Modifications to the invention as specifically described will be apparent to 
those skilled In the art, and are to be considered as falling within the scape of 
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the invention. For example, other methods of producing a fine grain liner will 
be suitable 
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Claims 

1, A reactive shaped charge liner, wherein the liner comprises a composition 
capable of an exothermic reaction upon activation of the shaped charge 
liner. 

2. A liner as claimed in claim 1, wherein the liner composition comprises a 
mixture of at least two metals, which are capable of an exothermic reaction 
upon activation of the shaped charge liner. 

_ 3. A liner as claimed In.clalm. 1 ^wherein.to© linenx^ 

least one rnetahand at least one non- meta lrwherefrrthe non^metahs 
selected from a metal oxide, or any non-metal from Group 111 or Grtjup IV. 

4. A liner according to claim 2 or claim 3, wherein the metal is selected from, 
Al, Ce, Li, Mg, Mo,' HK Nb, Pb, Pd, Ta, Ti 4 Zn or Zr. 

5. A liner according to claim 3, wherein the non-metal from Group til or Group 
IV is selected from silicon, boron or carbon. 

6. A liner according to claim 3 f wherein the metal oxide is selected from 
copper oxide, molybdenum oxide or nickel oxide. 

7. A liner according to claim 2 wherein the at least two metals composition is 
seferiedfrom^ ' 

8. A liner as . claimed in any one of the preceding claims wherein the 
composition Is a pressed particulate composition. 

a A liner according to claim 8, wherein a binder is added to aid consolidation. 
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10. A reactive shaped charge liner according to any one claims 2 to claim 9, 
wherein at least one of the metals is coated with a binder to aid 
consolidation • 

11. A reactive shaped charge liner according claim 9 or claim 10, wherein the 
binder is selected from a polymer. 

12. A reactive shaped charge liner according claim 10 wherein the polymer is . 
selected from stearate, wax or epoxy resin. 

13. A reactive-shaped charge liner aecordtag-to ciaim-4-1 v whereln-the-polymer 
is an energetic polymer. 

14. A reactjve shaped charge liner according to damn 13, wherein the energetic 
binder is selected from Poljfglyn (Glycidyl nitrate polymer), GAP (Glycidyl 
azide polymer) or Polynimmo (3-nitratomethyl-3-methyloxetane polymer), 

15. A reactive shaped charge liner according to any on of claims 9 to 14; 
wherein the binder is present in the range of from 1 % to 5% by mass. 

16. A reactive shaped charge liner according to any ona of the preceding 
claims, wherein the composition is particulate, the particles having a 
diameter 10jim or less. 



17. A reactive shaped charge liner according to claim 16, wherein the particles 
are 1 jam or less in diameter. 

18. A reactive shaped charge liner according to claim 17, wherein the particles 

ane'CXI^m or less in diameter. 

•* ■ * 

19. A liner according to any one of the preceding claims, wherein the thickness 
of liner is selected in the range of from 1 to 1 0% of the liner diameter. 
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20. A liner according to claim 19 wherein the thickness of liner is selected in 
the range of from 1 to 5% of the liner diameter. 

21. A liner according to any one of the preceding claims, wherein the thickness 
of the liner is non uniform across the surface area of the liner. 

22. A reactive shaped charge liner according to any one of the preceding 
dairns, wherein the composition further comprises at least one further, 
metal, wherein , the at least one -further metal is not capable of an 
exothermic ISBBIBn upbWactivatf^ 

' 23, A reactive shaped charge lines- according to claim 22, wherein the at least 
one further metal, is selected from copper, -tungsten or alloys thereof. 

- 

■ 24. A shaped charge perforator comprising a housing, a quantity of high 
explosive inserted into the housing and a liner according to any preceding 
claim inserted into the housing so that the high explosive is positioned 
between the liner and the housing. 

25. A perforation gun comprising a plurality of shaped charge perforators 
according claim 24. 



26. A method' of completing ah oil or gas well using a"pluraffiy of shaped 
charge perforators, according to claim 24. 



Abstract r . _ 

An oil and gas well shaped charge perforator capable of providing , an 

exothermic reaction after detonation is provided, comprising a housing, a high 

explosive, and a reactive lir»er where the high explosive is positioned between 

the reactive liner and the housing. The reactive liner Is produced , from a. 

composition which is capable of sustaining an exothermic reaction during the 

formation of the cutting Jet. The composition may be selected from any known- 

formuiation which is suitable for use in an oil and gas well perforator, typically 

the composition will comprise at least one metal and at least one non-metal, 

wherein the non-metal is selected from ametal oxide, or^non-metal from 

Group III or Gw IV or at least two metals such as to form en intermetalHc 

reaction. Typically at least one of the metals in the invention may be selected 

from Al, Ce, Li, Mo, Mo, NI, Nb. Pb, Pd, Ta, Ti, Zn or Zr. The liner composition 

. may preferably be a pressed particulate composition, such that the material .s 

consolidated under pressure to form the desired shape of the liner. To aid 

consolidation a binder may also be added- 
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